A series of poly (methacrylic acid-Co-maleic acid), P(MAA-MA), hydrogels have been prepared by free radical polymerization in aqueous medium using different amount of maleic acid (MA) (0-5 wt.%), initiated by potassium persulfate (KPS) in the presence of N,N'-methylenebisacrylamide (MBA) as a crosslinking agent. Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA) and scanning electron microscope (SEM) techniques were used to characterize the prepared hydrogels. Their swelling behaviours were investigated according to the maleic acid content and pH of solution. Kinetic swelling of hydrogels was studied too. The results showed that the swelling ratios increase with increasing the maleic acid content. Kinetic studies showed good fitting to pseudo-second order equation. The prepared hydrogels obeyed non-Fickian water diffusion.
INTRODUCTION
Hydrophilic hydrogels are chemical or physical crosslinked three dimensional macro molecular matrix. Due to their hydrophilic functional groups (-OH, -COOH, -NH 2 , -CONH 2 , -SCO 3 H), they are able to absorb a substantial quantity of water in the swollen state 1 . They are classified as chemical or permanent hydrogels when the networks are crosslinked together through covalent bonding 2 . however, they are called physical or reversible gels when the polymeric chains are linked together by hydrogen bonds, electrostatic and Van der Waals forces 2, 3 .
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Known as intelligent, stimuli-responsive or environmentally-sensitive hydrogels, they can respond to a variety of changes in environmental conditions such as temperature, ionic strength, pH as well as electric field, etc., 4 . These materials are of great interest since they find several applications as separation membranes 5 , sensors 6 , adsorbents, medical and pharmaceutical drug delivery systems, as well as in other various nanotechnology fields [7] [8] [9] .
Recently, an enormous number of authors have reported studies on methacrylic acid based hydrogels as multi-target carriers (drugs, metals, dyes). For instance, poly(methacrylicacid)/tannic acid 7 and N-succinyl chitosan-poly(methacrylic acid) 10 have been tested for drug release; poly(methacrylic acid)-g-cellulose/bentonite 11 and poly(N-vinylpyrrolidone-methacrylic acid) 12 hydrogels are used as cationic dye uptake. Whereas hydrogels of (chitosan, itaconic and methacrylic acid) 13 for heavy metal adsorption. However, new adsorbents which have high adsorption capacity are still needed 14, 15 . To our knowledge, hydrogels of poly(methacrylic acid-co-maleic acid) were not previously employed to obtain a material for specific application.
In this work, we aim to prepare, by free radical copolymerization, new hydrogels with a high capacity of water uptake using methacrylic acid (MAA) and maleic acid (MA) as co-monomers with different weight ratios, initiated by KPS in the presence of MBA as a crosslinking agent. Hydrogels characterizations were performed by FTIR spectroscopy, ATG and SEM techniques. Swelling behaviour, kinetics as well as pH responsive properties were also studied. The potential use of these hydrogels as sorbent materials will be investigated in another study. 
MATERIALS AND METHODS

Synthesis of hydrogels
The P(MAA-MA) hydrogels were obtained by free radical copolymerization reaction as shown in scheme 1. First, MAA and MA monomer in various ratios were dissolved in distilled water to obtain 2 g of total weight. The MA weight fractions were varied from 0 to 5 wt.%. The polymerization reaction was carried out using K 2 S 2 O 8 (1 wt.%) as initiator and MBA (1 wt.% ) as crosslinking agent with the respect of the total weight of monomers. The mixture was bubbled with nitrogen gas for 10 min to remove any oxygen molecules, which could inhibit the polymerization reaction. The copolymerization was conducted at 60 °C for 6 hours. The experimental reaction conditions are summarized in Table 1 . The resulting hydrogels were soaked in water for several days to remove unreacted monomers. Afterwards, they were dried under vacuum at 40 °C till samples achieved a constant weight. pH dependent swelling behaviour In order to study the swelling behaviour, gravimetric method was used for the measurement of the swelling degree by immersing dried hydrogels (0.05 g) in different pH solutions (3, 4, 5.5, 6, 6.7, 7.2, 8 and 10) for 48 h at room temperature. The swollen hydrogels were removed from the solution at different intervals of time, wiped carefully with a filter paper, weighed and let in the solution until an equilibrium swelling is reached. The swelling degree (SD t ) and equilibrium swelling degree (SD e ) are calculated by the following equations 16, 17 .
Scheme 1. Synthesis of poly (MAA-MA) hydrogels
Where W d and W t are the sample weights of dried and the swollen state (in grams) respectively. W e indicates the sample weight at swelling equilibrium (in grams).
Swelling kinetics
The swelling measurements of the hydrogels were taken at different time intervals then fitted to pseudo-second order equation expressed as follows 
Where m t and m eq are the swollen hydrogel weights at time t and at equilibrium, respectively. k 2 denotes a rate constant. Variation of t/m t vs. time is plotted in Figure 6 .
RESULTS AND DISCUSSIONS
FTIR spectra
FTIR spectroscopy is used to study the hydrogel structure. Fig. 1 shows the results from FTIR analyses for PMAA and P(MAA-MA5) samples. The broad absorption band was observed between 3600 and 3100 cm -1 characterizing the -OH stretching vibrations of -COOH group of MAA and MA in the hydrogels. It can be noticed that the -OH peaks in the P(MAA-MA5) is very intense compared to that of PMAA hydrogel. This may be due to the presence of a large amount of -COOH groups in the P(MAA-MA5), i.e., the intensity of -OH bands increased as the MA content incorporated in hydrogel increases.The peaks at 2996, 2937 and 2587 cm -1 correspond to the C-H stretching vibrations. The absorption bands at 1705 and 1690 cm Figure 2 shows the thermal degradation of PMAA and P(MAA-MA5) samples by weight loss as a function of temperature. It was observed that there was no weight loss up to 75 °C and 150 °C for both PMAA and P(MAA-MA5), respectively which can be related to water molecules loss 20, 21 . PMAA and P(MAA-MA5) hydrogels present sharp weight loss at 260 °C and 395 °C respectively, indicating the decomposition of the hydrogels backbone. The copolymer MAA/MA with 5 wt.% of MA content showed an increase in thermal stability over PMAA hydrogel (P(MAA-MA5) decomposes at a higher temperature than PMAA).
Thermal analysis
showed high degree of swelling compared to that of pure PMAA. The results revealed that the swelling degree at equilibrium (SD e ) increased with increasing MA content (0-5 wt.%) in the hydrogels. The value of SD e increased from 3200% for PMAA to 4700% for P(MAA-MA5). Yang M. et al., (2010) and Bennour S. et al., (2014) have reported that the swelling is induced by ionic charge repulsion within the polymeric chains of the hydrogel 22, 23 . Due to the increase of MA content, the -COOH groups increased, thereby increasing the electrostatic repulsion among COO -groups and thus leading to the expansion of the polymeric chains of the hydrogel.
Scanning electron microscope
The morphological analysis was performed using scanning electron microscopy. The results obtained from SEM micrographs of PMAA and P(MAA-MA5) hydrogels are shown in Fig. 3a and 3b. It revealed that PMAA hydrogel had a rigid heterogeneous structure. On the other hand, P(MAA-MA5) showed different structure comparing with PMAA one with small voids dispersed over the entire surface. This is may be due to the high hydrophilicity of hydrogel. Swelling behaviour study In the present work, swelling measurements were conducted, as a function of time, for hydrogels prepared at different monomer concentrations. The swelling behaviour of hydrogels is represented in Fig. 4 . It was noticed that P(MAA-MA) hydrogels
Influence of pH on the swelling
In order to investigate the effect of pH on swelling behaviour, the hydrogel samples were soaked in different pH solutions (3, 4, 5.5, 6, 6.7, 7.2, 8, and 10) at room temperature. Fig. 5 illustrates the equilibrium swelling degree versus pH values for both PMAA and P(MAA-MA) hydrogels. It has been noticed for all hydrogels studied, the highest swelling capacity was reached at pH of 6.7. This is due to the complete ionization of carboxylic groups present in MAA and MA around this pH value 24 . Beyond pH 6.7, the swelling ratio of hydrogels decreases. Souda P. et al., (2014) had explained that there is a competition between the shielding effect of the carboxylate and the screening effect of the counter ions 19 . At the pH value of 3, carboxylic groups display hydrophobic character because of their low ionization; therefore the polymer with more carboxylic groups swells less 25 . 
Swelling Kinetic studies
The experimental swelling ratio results, obtained from pseudo-second order kinetic equation Eq. (3), of PMAA and P(MAA-MA5) hydrogels are summarized in Table 2 . The calculated kinetic parameters fitted well to the pseudo second order model according to the value of coefficient of regression (R 2 ) which is very close to unity. The swelling kinetic curves of hydrogels are given in Fig. 6a and 6b .
Diffusion kinetics
Diffusion mechanism of water molecules within polymeric networks is of great interest in the last few decades due to their enormous important 
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. The diffusion mechanism of water into hydrogels can be determined using the following expression 26, 27 .
Where, M t and M ∝ are the amount of water intake into the hydrogel at time t and equilibrium, respectively. t is the swelling time, n is the diffusion exponent, describing the transport mechanism (type of water penetration) and k is a constant related to the three-dimensional structure. When n = 0.5, the mechanism is Fickian water diffusion; however, the values of n lying in the range of 0.5 < n < 1 indicate an anomalous non-Fickian mechanism diffusion, where both diffusion and polymer relaxation control the water intake. n = 1 define a case II diffusion mechanism. lnF is plotted against lnt for all hydrogels as shown in Fig. 7 . n and k values were determined from the slopes and intercepts of lines and are given in Table 3 . For all compositions, the values of n vary between 0.53 and 0.57, showing non Fickian water diffusion in the hydrogels. 
CONCLUSION
In this work, intelligent hydrogels based on methacrylic acid and maleic acid prepared by free radical copolymerization have shown very interesting swelling behaviour. For instance, an increase in MA content in copolymers has led to an increase in the equilibrium swelling degree. The hydrogels have apparent pH sensitive character with maximum rate of absorption water capacity at pH 6.7. The water diffusion mechanism in these hydrogels has fitted a pseudo second order model thus obeying a non-Fickian anomalous transport mechanism. The discussed pH-responsive hydrogels might find great potential applications in drug delivery systems or wastewater treatments.
